T he results from the analysis of the course evaluat ions from FELASA category C compulsory courses in laboratory animal science at Uppsala University showed that the students realize that theoretical knowledge of the subject and practical skills are of great im portance to the success of their future research involving animal experiments. All the subjects and elements of the course, in particular the practicals on animal handling and procedures using live anaesthetized animals, were fully appreciated by the students.
T he utilizat ion of live anim als in experimental biomedical research requires a certain level of knowledge and manual skills in both scientists and technical staff. T his is well known and recognized among researchers and veterinarians because of its importance for upholding the qualit y of scienti®c results (Cohen 1966) and for safeguarding the welfare of the animals used. Current European legislation requires individuals involved in research performed on animals to have adequate educat ion (ET S 123 1986 ) . T he level of competence needed in different situations is not usually de®ned in laws and regulations. T hese decisions are left to those responsible for the actual animal experimentation. In order to facilitat e a choice of educational levels FELASA has worked out guidelines for curricula, at four consecutive levels of competence, which should lead to adequate knowledge and skills for different cat egories of scienti®c and technical staff. Different European countries do not presently have such training courses in laborat ory animal science for a number of reasons, including differences in national legislation and in educational tradit ions. In the UK, for example, routine training in surgical techniques on animals is normally only allowed under supervision during real operations or experiments, with a few exceptions, including training in microsurgery (Home Of®ce 1986 ) .
It has long been argued that education in laboratory animal science should be strengthened and harm onized in Europe (Rozemond 1991 ) , and that FELASA should take the lead in this process. At Uppsala University the level of competence required for scienti®c staff that allows for independent work with anim als is the FELASA cat egory C curriculum (Wilson e t a l. 1995 ) . T hus, all PhD students and staff working with animals have to complete this course and a written exam before they are allowed to work independently on animal experiments. T he overall goal is to help the students approach their use of animals with greater insight and con-®dence than if they had to acquire the necessary knowledge and experience on their own supervised by their scienti®c supervisor. T he methods used are didactic instruction, problem-solving assignments, demonstrations, and supervised student practicals with commonly-used species.
T he object of the present analysis was to examine the written course evaluations of 217 postgraduate and undergraduate students completing the FELASA category C course at Uppsala University. T he analysis assists the determination of whether the aim s of the course have been achieved and whether there are any indications that the curriculum needs to be adjusted or modi®ed. Of particular interest was the determination of whether the educat ion has an impact on the students' attit udes to and understanding of the importance of acquired knowledge and skills for their future animal experimentation. Moreover, this analysi s may be of use to the present FELASA working group on the accreditati on of FELASA courses.
Materials and methods
T hree FELASA category C competence courses are conducted every year at our department: one course for undergraduate biomedical and pharmacy students and two courses for postgraduate students. T he number of students admitted to a single course is limited to 40.
Although the undergraduate and postgraduate courses differ slightly in their content, both courses are modelled on the curriculum described in the FELASA cat egory C guidelines (Wilson e t a l. 1995). A total of 80 h are taught during 2 weeks. In general, lectures are given in the morning and the afternoons are used for practicals = study visits. All students receive a copy of the Swedish Animal Welfare Act, the Animal Welfare Ordinance and the Regulations on Breeding, Acquisition and Use etc. of Laboratory Animals. T he main topics covered by lectures are: the biology and husbandry of laboratory animals, 13 h; microbiology and disease, 3 h; health hazards and safe practices in the animal house, 2 h; the design and conduct of anim al experiments, 5 h; anaesthesia, analgesia and experimental procedures, 6 h; alternatives to animal use, one hour; ethical aspects and legislati on, 9 h; and the analysis of scienti®c literature, one hour. T he practicals covered are: the handling of small rodents using dummies (3 h) and using live mice and rat s (6 h); experimental procedures using anaesthetized mice and rats, 6 h; the handling of rabbi ts, guineapigs and fowl, 3 h; animal behaviour, 3 h; and study visits, 9 h. Ten hours were devoted to independent studies and preparation for practicals and interactive lectures.
T here are several steps which students need to take before they are allowed to practise with live anim als. Initially, the students are shown a collection of slides on how to handle and restrain animals humanely, and different techniques for sampling and administration of substances are dem onstrated. T he students then get the opportunity to practise these techniques on plastic dummies (B& K Universal Limited, Hull, UK). T he instructors thereaft er demonstrate the procedures on live anim als before the students themselves get the opportunity to work under supervision. T he practicals include the personal handling of, in particular, small rodents; and experimental procedures such as the sampling of body¯uids and administration of substances. All the experimental procedures are performed on fully anaesthetized animals, which are euthanased during anaesthesia. After the course, the students have one week for independent study followed by a written exam. Detailed tim etables, written course objectives, and course evaluation forms are available from the authors.
T he postgraduate and undergraduate students at tending the FELASA category C course at Uppsala University during the autum n term 1997 to spring term 2000 period were asked to complete a detailed course evaluati on in connection with the written exam at the end of the course. A total of 217 students were surveyed, 142 postgraduates and 75 undergraduates. T he postgraduate students at tended PhD programmes at the faculties of Medicine, Pharmacy, Science and Technology, Agriculture, Landscape Planning and Horticulture, and Veterinary Medicine. T he vast majority were registered at the Medical Faculty. Most of them were at the beginning of their postgraduate studies but some attended the FELASA course at lat er stages of their study programme. Moreover, they were on average 30.2 years old, about 60% were female, and about 70% had a Swedish bac kground. T he foreign students were predominantly from Asia and East ern Europe. T he vast majorit y of the undergraduate students were attending the 4-year Biom edicine programme at the Medical Fac ulty. T hey take the FELASA course at the end of their third term. T hey were on average 22.5 years old, about two-thirds were fem ale and 95% had been brought up in Sweden.
During the autumn of 1999, Uppsala University had in total 37 000 undergraduate students and 2460 graduate students in eight faculties. T here were 3193 undergraduate students in the faculties of Medicine and Pharm acy (74% female students), and 1649 attended professional programmes. T here were 663 graduate students in disciplines within the faculties of Medicine and Pharmacy (53% female students).
T he evaluati on form was distributed at the written exam and was completed before the students left the exam. T he completion of the evaluation form is compulsory but the form s were collected and processed anonymously, and consequently individuals were not identi®abl e. T he questions were a combination of free-response questions (Tables 1±3) and close-ended questions (Table 4 ). Since all students did not answer all questions, group sizes may vary between questions. T he likelihood-rati o Chi-square test was used to measure differences between groups in Table 1 . Independent z-test was used for Table 4 . P values of less than 0.05 were considered statistically signi®cant.
Results
Before att ending the course a large proportion (49% and 30% , undergraduate and postgraduate, respectively) considered laboratory animal science to be a subject of some im portance. Only a minority (3% ) of the students believed the subject to be of litt le im portance. However, after completing the course the majorit y of the students (95% and 93% , respectively) were convinced that the subject was of great importance (P < 0.0001). None of the students considered it to be of minor importance after attending the course (Table 1) .
More than half of the students (57% ) found handling, including experimental procedures, the most important topic taught during the course. Animal welfare, ethics, laws = guidelines and laboratory anim al science in general were other topics considered to be of im portance, albeit at much lower frequencies (Table 2) .
When asked to list topics that could be expanded or added to the curriculum, only four out of 10 students had any suggestions. Essentially, no new subjects were suggested but rather an expansion of already existing ones. T he most frequent suggestions were for more comparati ve biology and ethics = discussions with opponents of animal experimentat ion. Other proposals were anatom y, transgenic anim als and genetics, large animals, ethology = stress and experimental surgery. Postgraduat e students were more uniform in their responses, whereas undergraduat e students more often exhibited personal preferences (Table 3) .
T he practicals were generally appreciated by both the undergraduate and postgraduate students. In particular, hands-on laboratory activities like the handling of and procedures (sampling and administration) on rats and mice scored highly (averaging >3.8 on a scale from 1 to 4) (Table 4) . Among undergraduate students, demonstrations of rabbits and guineapigs scored signi®cantly lower than invasive procedures in rat s (P < 0.005 ), handling of mice (P < 0.02 ), and invasive procedures in mice (P < 0.01). Among postgraduate students, use of plastic dum mies scored less than handling invasive procedures on rats (P < 0.001 ), and handling and invasive procedures on mice (P < 0.001 ). Furthermore, demonstrations on rabbits and guineapigs similarly scored less than handling invasive procedures on rats (P < 0.001 ), and handling and invasive procedures on mice (P < 0.001 ).
Discussion
Compulsory courses are not necessarily attended out of interest and motivat ion. T he mandatory course in laborat ory animal science taught at Uppsala University is no exception. It should be stressed that since the course is mandated it has to be effective and perceived as highly relevant. We have not found any previous critical study on the effectiveness of mandatory courses based on the FELASA curricula. After completing the course the students were convinced that laborat ory animal science is a subject of great importance. T he general overall opinion of the course was good, very good or excellent (>90% , data not shown). Only a few students expressed disapproval of the course (<2% , data not shown).
Few students (less than half) had an opinion on topics or other elements that were either not covered during the course or which they felt should be expanded in future courses. Among the undergraduate students the only subject mentioned by more than two students was ethics and information from opponents to anim al experimentation. T he most prominent elements that postgraduate students wanted more of were comparat ive biology and anatom y (presently four lectures and practicals). It seems as if personal preferences and interests rather than a real shortage of information guide the students' comments in this respect.
T he course runs full tim e through 2 weeks, with lectures in the mornings and practicals or study visits in the afternoon. By far the most im portant elements of the course, according to the students, were the practicals. Also considered im portant, but to a much lesser degree, were theoretical subjects like anim al welfare, laboratory anim al science in general, laws and guidelines and ethics. T he practicals included handling of rats and mice, invasive procedures e.g. sampling of blood and injections on the sam e species. Demonstrations of handling and procedures on rabbit and guineapigs were also considered important. It is obvious that the hands-on practicals on live anim als were the elements most appreciated during the course, signi®cantly more so than the demonstrations of handling and procedures. It must be noted that one cannot interpret Table 4 to show that one or more parts of the practicals were not considered relevant or that it was possible to replace some of the parts. Moreover, demonstrations on rabbits and guineapigs seemed to score lower than other practical parts, but we cannot distinguish whether demonstrations as such were less at tract ive than personal handling = sampling or whether the species used were seen as less relevant for the students. T here have been few previous studies on atti tudes towards courses in laboratory animal science. However, the present results seem to con®rm the ®ndings of a survey performed by the American Medical Association where 91% of physicians stated that the use of anim als had been important for their training and 93% expressed support for the continued use of anim als in medical education (American Medical Association 1989) . Furthermore, studies have shown that experienced teachers ®nd that hands-on laboratory act ivities with animals add sig-ni®cantly to learning biology (Mayer & Hinton 1990 , Keiser e t a l. 1991 , Offner 1993 . A recent study of veterinary students suggested that out of those who changed their view on whether or not it is morally acceptable to use anim als for teaching, 26% became more receptive to the use of animals in research. T he most frequent comments were that the course had given them a greater knowledge, a better understanding of the necessity of using anim als for medical progress, more accepting and tolerant views and a less prejudiced view of the use of anim als (Hagel in e t a l. 2000b).
It should be noted that the attit ude of Uppsala students to the use of animals in biomedical research varies from one program me to another (Hagelin e t a l. 1999 ) . Both the undergraduate and the postgraduate students at tending the FELASA courses are among the student groups expressing the highest support for and understanding of the use of animals in research.
It is a major advant age to be able to practise handling and invasive procedures on live anaesthetized animals during practicals supervised by experienced instructors. It is im portant that instructors show respect for the anim als used and that they demonstrate thoroughly how to pick up, restrain and anaesthetize the animals before the students do it themselves (Hau 1999) . T his gives the students the basic knowledge and experience necessary to successfully continue the acquisition of further practical skills during their experimental work. In addition, such courses may also foster a caring attitude to animals (van Zutphen 1991 ), and teach the appropriate and ethical treatm ent of animals (Ninomiya & Inomat a 1998) . Exercises with dummies, videos or interactive computer software cannot fully substit ute for practice on live anim als (Adam 1993 ) . It must be stressed that a lack of proper training for future scientists may add variance in research results and increase the risk of future malpract ice, thus compromising on animal welfare. An introduction to the personal practice of the most ef®cient and humane experimental techniques through a high-qualit y course ensures that future scientists will know how to treat their experimental animals with a maximal consideration to anim al welfare (Hagelin e t a l. 2000a). However, since the experiences of the individual students of anim al experimentati on vary, it is our experience that practice on dum mies before using live animals is a helpful tool for preparing inexperienced students psychologically for practicals with live anim als.
T he results from the analysis of the course evaluati ons from compulsory courses in laboratory animal science at Uppsala University showed that the students realize that theoretical knowledge of the subject and practical skills are of great importance to the success of their future research involving animal experiments. T he students appreciated all the subjects and elements of the course, in particular the practicals on anim al handling and procedures using live anim als. However other course components also scored highly in relevance and interest, such as anaesthesia, analgesia and euthanasia, comparati ve biology and health monitoring. One should not overlook that the qualit y and enthusiasm of the teachers may in¯uence the student's views on the relevance of topics. In conclusion, the FELASA category C guidelines seem to be suf®cient as a minimum introduction to the humane use of anim als in research. Based on our experience the curriculum is appropriate and it is clearly the opinion of the students that the courses must allow for hands-on experience with animal handling and common experimental procedures performed on fully anaesthetized animals, which at the end of the session are euthanased during the anaesthesia.
We believe that the present study may be of use to the present FELASA working group on the accreditation of FELASA courses supporting standardizati on of curricula and techniques taught. It is still uncertain whether or not similar evaluations of other courses that are being organized in other European countries will con®rm the present results. T his depends on both the quality of the teachers for each of the topics and of the total contents of the course.
